Due to advances in immunosuppressants, the incidence of acute rejection has significantly reduced; however, thrombosis often occurs, and prevention has become a key issue.
Procoagulation factors II, V, VII, IX, and X and fibrinogen synthesis are decreased in patients with ESLD, resulting in an increased risk of bleeding. On the other hand, a deficiency of anticoagulation factor synthesis including antithrombin, protein C, protein S, and plasminogen and increased synthesis of factor VIII and von Willebrand factor can lead to a hypercoagulable state. 8, 9 Some studies have proposed that the coagulation balance should be adjusted in the perioperative period of liver transplant by coagulation monitoring. 10 However, some believe that the prothrombin time (PT) and international normalized ratio (INR) cannot be used as independent indicators for the prediction of bleeding risk. 11 Increased activated partial thromboplastin time (APTT) or INR cannot predict spontaneous anticoagulation in patients, 12 while elevated INR does not mean that thrombosis can be completely avoided. 13 As there is no effective clinical treatment for thrombosis, prediction and prevention using reasonable indicators are particularly important. This study evaluated the risk of postoperative thrombosis in relation to preoperative complications and plasma D-dimer level, with the aim of preventing and controlling thrombosis.
| MATERIAL SANDME THODS

| Studysubjects
This study retrospectively analyzed the clinical data of 525 ESLD patients with complete medical records and follow-up results, who underwent liver transplant from October 2012 to December 2015 in the center for liver transplant of Zhejiang University, which included 521 cases of modified piggyback and 4 cases of classic orthotropic liver transplant. The study met all ethical standards and was approved by the hospital ethics committee.
| Methods
Patient data recorded included gender, age, height, weight, primary disease, preoperative complications, and thrombosis, as well as related coagulation and biochemical indicators, and follow-up for possible postoperative thrombosis recurrence. Liver cirrhosis was diagnosed based on medical history, signs of hepatic decompensation, and histopathological and imaging examinations. 14 Hepatocellular carcinoma was diagnosed based on histopathological examination, chronic liver disease history, imaging, and laboratory examination. 15 According to the 2015 EASL clinical practice guidelines, 16 the scope of thrombosis was evaluated using color Doppler ultrasound, computed tomography (CT), or magnetic resonance imaging (MRI).
Preoperative complications included ascites, hepatic encephalopathy, hepatorenal syndrome, esophageal varices, spontaneous bacterial peritonitis, hepatocellular carcinoma, and thrombosis. and secondary thrombosis after other surgical trauma and nonliver disease.
| Laboratoryexaminations
The A receiver operating characteristic (ROC) curve was drawn to evaluate the accuracy of using D-dimer level on the first day after surgery to predict postoperative thrombosis recurrence. A value of P < 0.05 was considered statistically significant. 
| Statisticalanalysis
| RE SULTS
| Basicclinicalcharacteristics
| Therelationshipbetweenpreoperative complicationsandprimarydiseasewiththrombosis
By analyzing the relationship between preoperative complications and preoperative or postoperative thrombosis, it was found that only esophageal varices were significantly associated with thrombosis (P = 0.000). Using the post hoc test, the P-values of the group with both preoperative and postoperative thrombosis compared with the nonthrombosis group, preoperative thrombosis only group, and postoperative thrombosis only group were then calculated as 0.000, 0.001, and 0.000, respectively, while other complications showed no statistically significant correlation with thrombosis (Table 2 ).
| Therelationshipbetweenpreoperative complicationsandprimarydiseasewithD-dimerlevel
The relationship between preoperative complications and D-dimer level was analyzed using a classification based on the severity of preoperative complications. The results showed that ascites, spontaneous bacterial peritonitis, and hepatic encephalopathy were significantly correlated with D-dimer level (the P-values were as follows: P < 0.001, P < 0.001, and P = 0.002, respectively), while other complications and D-dimer level were not statistically correlated (Figure 1 ).
| CorrelationanalysisbetweenD-dimer levelandMELDscore
According to Spearman rank correlation analysis, D-dimer level was positively correlated with MELD score (r = 0.247, P = 0.000, Figure 2 ).
| ContinuousmonitoringofplasmaD-dimer levelafterlivertransplant
Plasma D-dimer level was significantly and consecutively higher during the first week after surgery than during the preoperative week and mostly recovered 2 weeks after surgery. Plasma D-dimer level on the first day after surgery was significantly different in the nonthrombosis group, preoperative thrombosis only group, postoperative thrombosis only group, and the group with both preoperative and postoperative thrombosis (P < 0.001). Plasma D-dimer level in the group with both preoperative and postoperative thrombosis on the first day after surgery was significantly higher than that in the other groups (compared with the nonthrombosis group, preoperative thrombosis only group, and postoperative thrombosis only group, the P-values were 0.001, 0.005, and 0.002, respectively, Figure 3 ).
| Impactofthe presenceofpreoperativethrombosisonthe incidenceofpostoperativethrombosis
Eleven percent of patients without preoperative thrombosis developed postoperative thrombosis (49/440). However, the incidence of postoperative thrombosis recurrence in patients with preoperative thrombosis was as high as 28% (24/85). The chi-squared test results suggested that the presence of preoperative thrombosis or not directly affected the incidence of postoperative thrombosis (P = 0.000), and thrombosis mainly occurred more than 48 hour postoperatively (Figure 4 ).
| ROCcurveanalysisofD-dimerlevelonthe firstdayaftersurgeryforpredictingpostoperative thrombosisrecurrence
Receiver operating characteristic curve analysis results suggested that plasma D-dimer level on the first day after surgery in patients with preoperative thrombosis was closely associated with the incidence of postoperative thrombosis recurrence. The AUC for predicting postoperative recurrence using plasma D-dimer level on the first day after surgery in patients with preoperative thrombosis was 0.698, with a cutoff value of 8.82 mg/L FEU (Table 3) .
| Coxregressionanalysisofpostoperative thrombosisrecurrence
Following ROC curve analysis, it was calculated that the cutoff val- (Table 4) .
| D ISCUSS I ON
Portal vein thrombosis is a common complication of decompensated cirrhosis, 19, 20 which can occur in the portal vein trunk, and may also extend to the mesenteric and splenic vein. 21 The incidence of PVT is between 2% and 26% in patients with liver transplant, [3] [4] [5] 22, 23 which may be related to its atypical clinical manifestations. 24 These patients frequently suffer postoperative thrombosis recurrence, with and 97.5th percentiles a recurrence rate of approximately 2%-36%. [3] [4] [5] In the current study, the incidence of PVT in patients with liver transplant was 13.7%, and a postoperative thrombosis recurrence rate of 28% in those with preoperative thrombosis was observed, which was high and deserves extra attention.
Previous studies have shown that a hypercoagulable state is the main cause of PVT formation, 25 and antithrombin III, protein C, and protein S deficiency may be risk factors for the occurrence of PVT. 26 Therefore, when the liver is damaged, although the synthesis of related coagulation factors is reduced, the level of relative anticoagulant protein is also decreased, which may still lead to a hypercoagulable state and the promotion of thrombosis. 27 Liver transplant recipients are prone to thrombosis due to two main factors: First, liver structure changes caused by cirrhosis increase flow resistance in the liver, decreasing portal venous velocity, resulting in increased portal venous pressure, and blood reflux obstruction, which are the basis of PVT formation. 28 Second, due to the large amount of coagulation, anticoagulant factors and fibrinolytic factors produced in the liver, and when it is damaged, blood coagulation and anticoagulation have a new dynamic balance at a low level, which is relatively unstable and prone to bleeding or thrombosis, 6, 20 and the formation of a hypercoagulable state under certain stress conditions. 29 was an independent risk factor for PVT. 31, 32 The meta-analysis by DAI also suggested that D-dimer may serve as a diagnostic marker for PVT formation in patients with cirrhosis. 30 We found that plasma In addition, the MELD score is currently widely used to predict the prognosis of patients with ESLD. 34, 35 Patients with a higher MELD score have more complicated pathophysiological changes that may affect morbidity and late mortality after liver transplant. 36 In this study, the MELD score and D-dimer level were positively correlated; therefore, it is recommended that in the assessment of the risk of thrombosis, both the MELD score and D-dimer level should be taken into consideration.
This study also showed that esophageal varices were significantly correlated with thrombosis, and ascites, spontaneous bacterial peritonitis, and hepatic encephalopathy were significantly correlated with D-dimer level. It is possible that PVT formation in turn can aggravate portal hypertension, thereby exacerbating esophageal varices and ascites, leading to an increased incidence of relevant complications.
20,37
The traditional concept is that, due to coagulation dysfunction, patients with ESLD often have a tendency to bleed, making PVT treatment more difficult. New research suggests that portal hypertension is the leading cause of bleeding, instead of anticoagulant therapy. 38 Additional studies 19, 39, 40 have shown that after rational anticoagulation therapy, the incidence of complications can be reduced in patients with concurrent PVT without increasing the risk of bleeding. Rational anticoagulant therapy is effective and safe, with low molecular weight heparin anticoagulation recommended. 39 In summary, plasma D-dimer level on the first day after liver transplant is correlated with postoperative thrombosis recurrence, and D-dimer is an independent risk factor for postoperative thrombosis recurrence. It is recommended that close attention is paid to plasma D-dimer level and related complications in clinical practice, which allows preintervention for prevention and control. 
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